Background Individuals who are small at birth are at increased risk of cardiovascular disease later in life. To enhance understanding of the mechanisms underlying this association we examined the link between infants' birth weight and mortality in their parents and grandparents.
Methods
We used the Uppsala birth cohort to examine all-cause and circulatory disease mortality among 14 129 mothers, 13 863 fathers, 3992 maternal and 3910 paternal grandmothers and 3896 maternal and 3798 paternal grandfathers. Follow-up time lasted up to 2002 with median of 21.6 years for parents and 47.8 years for grandparents.
Results
Hazard models controlling for socio-demographic characteristics indicated an inverse linear association between offspring's birth weight and maternal circulatory disease mortality [hazards ratio (HR) ¼ 0.74; 95% confidence interval (CI): 0.56-0.99]. No association was observed for fathers. The association between birth weight of grandchildren and grandparental mortality varied. No association was detected for maternal grandmothers for the whole period examined; only among grandmothers whose grandchild was born prior to 1977 was a U-shaped association observed for circulatory disease mortality. There was a U-shaped association between birth weight of grandchildren and maternal grandfather's overall and circulatory disease mortality (quadratic term: HR ¼ 1.05; 95% CI: 1.01-1.09). An inverse linear relationship was found for circulatory disease mortality in paternal grandmothers (HR ¼ 0.93; 95% CI: 0.85-1.00). For paternal grandfathers there was an inverse association between grandchildren's birth weight and overall mortality; for circulatory disease mortality an effect was found only for grandfathers whose grandchild was born prior to 1977.
Introduction
There is now a large body of evidence suggesting that early-life experiences, such as intrauterine growth and development, are associated with several chronic diseases in adults, including cardiovascular disease. 1, 2 Size at birth has been shown to be inversely associated with overall mortality as well as several cardiovascular disease risk factors such as obesity, hypertension, insulin resistance and type 2 diabetes. [3] [4] [5] [6] [7] However, explanatory pathways for these associations are yet to be clarified. One proposed mechanism is that processes occurring during fetal development have long-term consequences for metabolic and cardiovascular functions, wherein malnutrition in early fetal life underlies the programming of later disease risk 8, 9 or leads to epigenetic changes with consequences for later disease. 10 Alternatively, a common set of genetic factors may have a pleiotropic effect on intrauterine growth as well as, later, insulin resistance, diabetes, hypertension and cardiovascular disease risk. [11] [12] [13] If there is a genetic basis for the birth weight-cardiovascular disease association, we will expect an association between infants' fetal growth and cardiovascular disease in their parents or grandparents. If we assume that some of these genes may be expressed during pregnancy to influence size at birth or located on the X-chromosome, possibly stronger links for mothers compared with fathers and grandmothers compared with grandfathers would be expected, while some association of size at birth with maternal ancestors could also result from mitochondrial inheritance. Indeed, an inverse association between birth weight in offspring and parental cardiovascular disease mortality has been reported [14] [15] [16] and a recent meta-analysis showed a somewhat larger effect in mothers compared with fathers. 17 Furthermore, other studies reported a U-shaped association, 18 or no association. 19 Only one study, which focused on type 2 diabetes, examined the association in three generations and showed an association between birth weight of grandchildren and disease risk in grandparents. 20 Notably, socio-demographic and environmental factors influencing both infants' birth weight and cardiovascular disease risk among their parents or grandparents could also underlie these associations. However, adjustment for social class and a number of other environmental factors did not alter the associations in the aforementioned studies. The objective of our study was to examine the association between infants' birth weight and mortality in their parents and grandparents using the Uppsala Birth Cohort Multigenerational Study.
Methods
We have carried out a prospective study of mortality in parents and grandparents of infants who were third-generation (G3) singleton descendants of the Uppsala Birth Cohort (UBCoS). 21 Information about descendants of the cohort was obtained through linkage to the Swedish Multigeneration Registry. To be included in the Multigerational Registry, these descendants had to be born in 1932 or later (i.e. when the UBCoS cohort was in the age range of 3-17 years) and to survive to at least 1961. 22 Data on parental and grandparental social characteristics were obtained through linkage to Censuses and the Longitudinal Data Base on Education, Income and Employment of Statistics Sweden (LOUISE). 21 All linkages were made using personal identification number.
Variables
Information was extracted from the birth records pertaining to parent's and offspring's date of birth, offspring's birth weight, sex, parity and gestational age based on last menstrual period. Sex-specific z-scores of birth weight for each week of gestation were calculated using the whole cohort as a reference and were used as continuous data or categorized into five groups according to the following percentiles: 0-5th, 6-25th, 26-75th, 76-95th and 596th. Theses percentiles were selected to enable comparison with a large previous study. 18 Parental socio-economic position was based on education recorded in the 1970 census (for missing values in 1970, information was extracted from the latest available census) and was categorized as 0-11 years of schooling, 12 years through 1 year upper secondary school, 2-3 years upper secondary school and postupper secondary school. Grandparental social class was based on occupation recorded in the 1960 census and was classified into non-manual, selfemployed (including farmers), manual and other (no occupation or occupation could not be coded); if missing, parent's socio-economic position was used. Measuring grandparents' socio-economic position by education (classified as elementary school or higher) yielded similar results.
Data on deaths and emigrations were obtained by linkage to the population and death registers. We focused on all-cause mortality and mortality from circulatory disease (International Classification of Diseases (ICD) 7: 330-334 and 400-468; 8 and 9:390-459; 10: I00-99), as underlying or immediate cause of death. Results of analyses restricted to circulatory disease mortality as the underlying cause of death were consistent with those presented here. Further analyses were based on ischaemic heart disease (IHD) mortality (ICD 7: 420-422; 8 and 9: 410-414; 10: I20-25). In addition, the following underlying causes were considered for grandparental mortality: smoking-related cancer (ICD 7: 140, 141, 143-150, 157, 160-162, 180, 181; 8 and 9: 140, 141, 143-150, 157, 160-162, 188, 189; 10: C00-C15.9, C25-C25.9, C30-C34.9, C64-C68.9), and accidents and violence (ICD 7-9: E800-E999; 10:S00-T98, V01-Y98).
Statistical analysis
The Cox proportional hazards model was used to examine the association between birth weight of infants and parental or grandparental mortality. In evaluating parental mortality, calendar time originating from the date the offspring was born was used as the time scale for analyses. For grandparent's mortality, time originated at parent's date of birth. Follow-up time for parents and grandparents lasted up to death, emigration or the end of the study (31 December 2002) . The assumption of proportional hazards was examined graphically and was not found to be violated. When birth weight adjusted for gestational age was used as a continuous variable, a quadratic term was added to the model to test for non-linear association. To further validate our results concerning the shape of the distribution we have used the method of fractional polynomials. 23 The method is based on fitting a series of one-and two-degree polynomial models (with power ranging from À2 to 3) to the data and using the deviance statistics to select the best-fitting model.
Modelling was carried out in two stages: model 1 included, in addition to standardized birth weight, parent's/grandparent's age at the beginning of the follow-up (categorized as <25, 25-29, 30-34, 535 ) and parent's year of birth (before or after 1954). Classifying parent's year of birth into four categories yielded similar results. Model 2 was additionally adjusted for socio-economic status of parents/grandparents and for parent's parity when modelling parental mortality.
Analysis was restricted to the first singleton infant born to each parent/grandparent at 530 completed weeks of gestation. In order to utilize information on all (singleton born at 530 weeks of gestation) infants available per parent/grandparent, analyses were repeated using the mean offspring/grandchildren standardized birth weight as the explanatory variable. For grandparents, if their first grandchild was born to a daughter they were classified as maternal grandparents and the mean birth weight was calculated for all offspring born to their daughters; a similar procedure was carried out for mean birth weight of offspring among sons for paternal grandparents. Analyses were also repeated for randomly selected offspring/ grandchildren per parent/grandparent and results were consistent with those based on the first infant and are presented here.
Finally, to assess a potential period effect in the association between birth weight in grandchildren and circulatory disease mortality in their grandparents, we focused on grandchildren's birth weight as a continuous variable and stratified the analysis by parent's year of birth (before or after 1954) or by grandchild's year of birth (before or after 1977); both yielded similar results and the latter are presented her. These cut-offs were selected after considering both the number of individuals and the number of events so as to produce two groups with comparable precision of the estimates.
Data structure and missing information
Of the 12 168 members of first-generation UBCoS born in the period 1915-29 who were alive and resident in Sweden in 1947, 78.6% men and 81.8% women became parents of one or more biological children and 71.9% of men and 75.6% of women became grandparents by the end of 2002. Of the total number of 36 637 biological grandchildren (G3) of the UBCoS cohort, we excluded 7792 (21.3%) children who were born before 1973 (when the Swedish Medical Birth Registry was established) and who thus did not have data on size at birth. Infants who were born before 1973 had parents who were significantly younger (mean age at delivery in mothers was 22.5 years and fathers was 25 years) than those born later (29.2 and 31.8 years, respectively). Of the 28 845 biological grandchildren born in the period 1973-2002, we excluded an additional 643 (2.2%) who were twins, 129 (0.4%) who had missing data on size at birth or length of gestation in the Medical Birth Register and 62 (0.2 %) who were born at <30 completed weeks of gestation. The completeness of data on social characteristics was very good and information on deaths and emigrations was considered virtually complete.
The study was approved by the regional Ethics committee in Stockholm.
Results Table 1 presents characteristics of the parents sample, which is based on 14 129 mothers and 13 863 fathers with a median follow-up time of $22 years. During that period 184 (1.3%) mothers died, 49 of circulatory diseases and 13 of IHD. The respective figures for the fathers are 400 (2.9%), 132 and 69. The grandparents' sample (Table 2 ) includes 3992 maternal grandmothers, 3896 maternal grandfathers, 3910 paternal grandmothers and 3798 paternal grandfathers. The social class distribution of maternal grandmothers was almost identical to that of paternal grandmothers. Similar results were observed for grandfathers. Median follow-up time was $50 years for grandmothers and 46 years for grandfathers.
During that period 1068 maternal grandmothers, 1975 maternal grandfathers, 1153 paternal grandmothers and 2045 paternal grandfathers died.
The association between offspring's birth weight, adjusted for sex and gestational age, and parental mortality is presented in Table 3 . For overall mortality in mothers, the modest borderline significant effect observed for continuous birth weight was slightly attenuated becoming non-significant, after adjusting for mother's education and parity. In contrast, a significant inverse linear trend was detected for circulatory disease mortality [hazards ratio (HR) ¼ 0.73; 95% confidence interval (CI): 0.55-0.97], with a high mortality risk observed among mothers whose offspring birth weight lies in the lower 5% of the distribution (HR ¼ 2.68; 95% CI: 1.08-6.64). Offspring birth weight was not associated with fathers' all-cause or circulatory disease mortality. Adjustment for parent's education and parity had a negligible effect on the estimates. Table 4 presents maternal grandparents' mortality according to grandchild's birth weight. No significant effect was detected for maternal grandmothers, whereas for maternal grandfathers a non-linear association for both overall and circulatory disease mortality was found (model 1, quadratic term: HR ¼ 1.04, P < 0.05 for overall mortality; HR ¼ 1.05, P < 0.05 for circulatory disease mortality). Specifically, there was a U-shaped association between grandchild's birth weight and mortality in maternal grandfathers, wherein among grandfathers having grandchildren with birth weight in the lower 5% of the distribution the HR for circulatory disease mortality was 1.31. The associations remained significant after adjusting for grandparent's social class. Using the fractional polynomial methods, we found that out of the 36 second-degree polynomial models, the model with a linear and a quadratic term and a model with polynomials (0.5, 2) had a comparable fit, and both were significantly better than the linear model. The first INFANT BIRTH WEIGHT AND PARENTAL MORTALITY model indicated a U-shaped association whereas the second suggested a J-shaped relationship. Paternal grandmothers' overall mortality risk was not associated with grandchildren's birth weight (Table 5 ). However, their risk for circulatory disease mortality was inversely associated with grandchildren's birth weight (model 1: HR ¼ 0.92; 95% CI: 0.85-0.99). For paternal grandfathers a significant modest inverse linear association was detected between grandchild's birth weight and all-cause mortality (HR ¼ 0.95; 95% CI: 0.90-0.99), whereas a similar-sized effect for circulatory disease mortality was not statistically significant. Again, there were only minimal changes in the estimates after adjustment for grandparent's social class.
Analyses were repeated for IHD mortality for all groups except for the mothers, for whom there were only 13 cases of IHD mortality. Findings were consistent with those presented here for circulatory disease mortality. The effect-sizes were somewhat stronger but the P-values were a bit larger. For example, for paternal grandmother's circulatory disease mortality an inverse linear association was found with HR ¼ 0.93 and P ¼ 0.049 (Table 5 , model 2); for IHD mortality, the figures are HR ¼ 0.90 and P ¼ 0.06 (results not shown).
Analyses using mean offspring's/grandchildren's birth weight for each parent/grandparent yielded consistent results with slightly stronger effect sizes and smaller P-values. For example, the quadratic term observed for the association between (first) grandchild's birth weight and circulatory disease mortality among maternal grandfathers with HR ¼ 1.05 and P ¼ 0.014 (Table 4) , changed to HR ¼ 1.07 and P ¼ 0.003 when mean birth weight was considered (results not shown).
Next, we evaluated a period effect in the association between birth weight in grandchildren and grandparental circulatory disease mortality (Table 6 ). Among maternal grandmothers whose (first) grandchild was born before 1977 a significant quadratic term was detected (HR ¼ 1.08; 95% CI: 1.01-1.17), indicating a U-shaped association between the grandchild's birth weight and circulatory disease mortality among grandmothers, whereas no association was found for maternal grandmothers whose first grandchild was born after 1977. However, the interaction between grandchild's birth weight and period was not statistically significant. Regarding the shape of the association, the fractional polynomial method yielded the following results: for grandchildren born before 1977, among the eight single polynomial models, the best fit was given by a model with a quadratic term and the improvement in deviance was significant. Among the 36 second-degree polynomial models, a few models including the one with a linear and a quadratic term had a comparable fit.
For grandchildren born prior to 1977, none of the polynomial models considered gave a significantly better fit than the linear model. Turning back to the period effect, for maternal grandfathers and paternal grandmothers, the effects were comparable across time. Notably, a significant inverse association was observed between grandchild's birth weight and paternal grandfather's circulatory disease mortality among those grandfathers whose (first) grandchild was born before 1977 (HR ¼ 0.91; 95% CI: 0.83-0.98) with no association for those whose grandchild was born at a later period. Yet again, the grandchild's birth weight Â period interaction was not statistically significant. We have also examined potential changes in the association between birth weight in grandchildren and grandparental circulatory disease mortality in shorter (<25 years) compared with longer (425 years) follow-up time. For paternal grandmothers using birth weight as continuous, the HR for circulatory disease mortality during the first 25 years was 0.85 (95% CI: 0.62-1.18) whereas for the subsequent years it was 0.94 (95% CI: 0.86, 1), indicating a somewhat stronger effect during the early period. However, a formal test of the difference gives a P-value of 0.3. For the other grandparental groups the effect sizes for the first 25 years and subsequent follow-up period were more comparable.
Finally, the association of grandchildren's birth weight with grandparental smoking-related cancer mortality was significant only among paternal grandfathers (HR ¼ 0.85, 95% CI: 075-0.96; Table 7 ). For mortality from accidents and violence no significant associations were detected for any of the grandparental groups examined (Table 7) .
Discussion
To the best of our knowledge this is the first study to examine associations between birth weight and circulatory disease mortality across three generations. We have shown associations between fetal growth in one generation and mortality in the previous two generations. By distinguishing between the risks of circulatory disease mortality among the four types of grandparents, we have extended current literature. We have found an inverse association between offspring birth weight and circulatory disease mortality among their mothers. In fathers, however, no association was detected between birth weight of offspring and either overall or circulatory disease mortality. The association between birth weight of grandchildren and grandparental mortality risk varied somewhat by the type of grandparent examined. While no association was observed for maternal grandmothers for the whole period examined, among maternal grandmothers whose grandchild was born prior to 1977, a U-shaped association was detected for circulatory disease mortality. Similarly, a U-shaped association was observed between birth weight of grandchildren and maternal grandfather's overall and circulatory disease mortality risk. In contrast, an inverse relationship was found between grandchildren's birth weight and circulatory disease mortality of their paternal grandmothers. Finally, among paternal grandfathers, an inverse association between grandchildren's birth weight and mortality was evident for overall mortality while for circulatory disease mortality such an effect was found only for grandfathers whose grandchild was born prior to 1977. Notably, the largest effect observed here regarding cardiovascular disease mortality was among mothers. Our results regarding the link between offspring birth weight and parental mortality are generally consistent with previous research indicating robustness across time and place. With respect to mothers, a number of studies showed an inverse association between offspring birth weight and maternal risk of cardiovascular disease mortality 14, 15 and a metaanalysis based on six studies yielded a pooled adjusted HR almost identical to that reported here. 17 Notably, a report based on approximately 38 000 mothers from the Jerusalem Perinatal Study showed a U-shaped association between cardiovascular mortality in mothers and offspring birth weight. 18 Only a few studies examined the relationship between offspring birth weight and cardiovascular disease risk in both parents. In a small British study, offspring birth weight was inversely associated with maternal stroke, but not with paternal disease risk. 19 A large Swedish study showed an inverse association between offspring birth weight and diabetes mortality in both parents. 24 Data from the Jerusalem Perinatal Study indicated an inverse association between offspring birth weight and paternal overall mortality, with no association for cardiovascular mortality. 18 A meta-analysis based on three studies indicated a significant modest inverse association between offspring birth weight and fathers' cardiovascular disease mortality. 17 Minor differences between our results and those reported in the latter study may be related to power considerations. While our parental sample is sizeable, the follow-up period available in our study is limited, resulting in a modest number of events. Furthermore, we focused on mortality from circulatory disease, which constitutes a heterogeneous group. Our results regarding IHD mortality show indeed larger effects, but are based on a smaller number of events with still lower power.
Comparison of our results regarding the association between size at birth in grandchildren and mortality in grandparents with other studies is almost impossible. An examination of these associations over three generations has been reported only in one study, that addressed type 2 diabetes. 20 The study showed a positive association between grandchildren birth weight and type 2 diabetes in maternal grandparents, an inverse association for paternal grandmothers and a U-shaped association in paternal grandfathers (the latter became non-significant after adjusting for confounders).
A number of potential mechanisms can explain the observed associations between infant fetal growth and circulatory disease mortality in their parents and grandparents. Socio-demographic and environmental factors could influence both infants' birth weight and cardiovascular mortality among their parents or grandparents. If this is the case, we would expect stronger associations between birth weight and parental mortality compared with grandparental mortality, which is observed here for mothers but not for fathers. It is less clear whether, under this hypothesis, one would expect similarity in associations between offspring's birth weight and mortality in both mothers and fathers, as well as across the four types of grandparents, or whether maternal characteristics impacting on in utero and/or childhood environment might lead to stronger associations. It should further be noted that adjustment for socio-economic position had a negligible effect on the estimated associations both here and in other studies, 17, 18 suggesting that these factors do not have a major role in explaining the observed relationships.
However, health behaviours, such as smoking, can contribute to the associations detected. For example, maternal smoking is related to both lower offspring birth weight and own higher risk of cardiovascular disease. In addition, maternal and paternal smoking patterns are linked, and thus may yield an association, albeit weaker, between offspring birth weight and father's cardiovascular disease. We did not have sufficient information on maternal smoking but other studies showed a substantial association in mothers 17, 25 after adjusting for their smoking habits. Smoking can also contribute to associations over three generations, e.g. grandmother's smoking during pregnancy is linked to parental birth weight, which in turn is linked with birth weight in grandchildren. However, smoking in women was probably relatively less common in our oldest generations and no support for the above association was evident in a British cohort. 26 Notably, examination of mortality by other causes of death showed no association between grandchildren's birth weight and grandparental mortality from external causes, and a significant association with smoking-related cancer mortality only among paternal grandfathers. The significance of the results and the size of the effects lend only weak support to the possibility that confounding variables, such as smoking or social class, explain the observed associations. Naturally, the intrauterine environment plays a role here and other maternal exposures which influence this environment may contribute to the observed relationships. Notably, the link between birth weight and cardiovascular disease risk in adults has frequently been explained by adaptations, made during fetal life in response to fetal malnutrition, which influence vascular structure and metabolic function. 8, 27 Thus poor maternal or grandmaternal nutrition before or during pregnancy may increase the risk of a low-birth-weight offspring as well as own excess mortality risk later in life. Such a process can yield a stronger association between infant's birth weight and mortality in mothers compared with fathers, or in grandmothers compared with grandfathers. Also relevant here is the strength of the intergenerational association in birth weight or body size; 28 some studies suggest that an offspring-parent association is stronger in mothers compared with fathers, 29 ,30 yet others indicated similarity across parents. 31 The role of maternal diet was evaluated in a recently published report which showed that adjustment for both maternal pre-pregnancy body mass index (BMI) and weight gain during pregnancy did not alter the offspring's birth weight-maternal mortality association. 25 Generally, maternal or grandmaternal poor health during pregnancy may influence both their offspring birth weight (as well as grandchildren's birth weight via trans-generational effects) and their mortality risk, and can thus contribute to the observed effects. In this case, we would expect greater excess mortality risks shortly after pregnancy compared with those of longer follow-up times. Such a pattern was proposed by a previous study, 17 yet our results do not lend substantial support for this suggestion.
In our study, results for maternal grandmothers' circulatory disease mortality varied by period, showing a U-shaped association only in the earlier period (pre-1977) . The elevated risk among grandmothers of heavier grandchildren is in accordance with findings indicating that higher birth weight among offspring predicts maternal insulin resistance later in life, 32 a U-shaped association found between offspring's birth weight and maternal cardiovascular mortality 18 and the positive association described between grandchildren birth weight and type 2 diabetes in maternal grandmothers. 20 The period effect, found here also for paternal grandfathers, may be related to screening for gestational diabetes, which was introduced in Sweden gradually from the late 1970s onwards but still showed substantial variation in guidelines applied in different regions in 2004. 33 Several potential pathways involving genetic determinants might be operating either as the single main mechanism or, more plausibly, in combination. It has been suggested that common genetic factors are associated with both suboptimal fetal growth and cardiovascular disease. Indeed, mutations that are associated with both low birth weight and increased risk for cardiovascular disease have been detected in a number of genes, including those encoding G proteins, 34 glucokinase, 11 clotting factors 35 and angiotensinogen. 36 A recently published report showed an association between newly identified type 2 diabetes loci and reduced birth weight. 37 Furthermore, genetic factors have been shown to play a modifying role in the birth weight-cardiovascular disease association. A study from Tasmania demonstrated differences in the association between birth weight and blood pressure according to cortisol-related genes. 38 Maternal genes may also alter fetal growth by affecting the intrauterine environment. A common variation in the glucokinase gene was found to be associated with maternal fasting plasma glucose and offspring birth weight, with no evidence of fetal genotype effect. 39 Similarly, it has been shown that variation at the TCFL2 gene, a susceptibility gene for diabetes type 2, is associated with an increase in fetal birth weight that does not represent a direct effect of fetal genes, but rather reflects maternal genes. 40 Notably, the 2-fold role of maternal genes, which may influence fetal growth both by affecting the intrauterine environment and via gene inheritance, can produce stronger associations between offspring's birth weight and cardiovascular mortality in mothers compared with fathers, or in grandmothers compared with grandfathers.
Transgenerational effects may also be a result of epigenetic processes where methylation imprint in one generation influences gene expression in the next one. In historical Swedish cohorts, grandparents' food supply in childhood was associated with grandchildren cardiovascular and diabetic mortality. 41 Furthermore, it has been suggested that these transgenerational responses are sex specific with paternal grandfather's food supply being associated only with grandsons' mortality and paternal grandmother's food supply only with granddaughter's mortality. 42 Additionally, data from the Avon Longitudinal Study of Parents and Children (ALSPAC) study showed that early paternal smoking initiation was linked with greater BMI in sons but not in daughters. 42 Our results which show varied associations by type of grandparents may point to potential involvement of an X-linked gene.
There are several limitations to our study. First, restricted information was available on maternal characteristics before and during pregnancy including smoking, BMI and health conditions such as pre-eclampsia. In addition, selection processes may have operated in the creation of the four grandparental groups. However, the distributions of the socio-demographic characteristics were comparable among these groups. Furthermore, we estimated the Pearson correlation coefficient between maternal height and offspring birth weight for each group and results showed an almost identical magnitude of association and thus do not suggest a substantial problem. The validity of our results is greatly influenced by completeness and quality of data from the routine registers. While we are aware of problems with completeness of data, e.g. on subjects born outside Sweden in the Multigenerational registry, we do not believe that this greatly influences information on our cohort of descendants from a Swedish cohort. Although we were able to include a majority of the third generation in our study, we are aware that children and grandchildren born to younger parents are under-represented in the analysis. We do not believe that misattributed paternity is particularly common in our register-based data but acknowledge that is more likely to affect and dilute associations with fathers' and paternal grandparents' characteristics.
To conclude, we observed an intergenerational association between birth weight in infants and mortality in their parents and grandparents. Specifically, an association was detected for deaths from circulatory causes in mothers and in grandparents. The more specific nature of the environmental, intrauterine and genetic factors that underlie these associations still needs to be explored.
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